• Changes in ionic concentration gradients across the cell membrane of various tissues after digitalis administration have been investigated intensively. Most results have indicated that the drug produces a loss of cellular potassium. 1 On the other hand, potassium need not be lost from the myocardium following a digitalis dose which definitely increases the strength of cardiac contraction. 2 " 4 Cellular potassium concentration appears to be low in failing heart muscle. 5 " 7 These observations led us to compare the action of digitalis on myoeardial water and electrolyte content in animals with normal and failing hearts.
A factorial experimental design 8 was selected. Intact unanesthetized dogs with surgically produced chronic congestive heart failure were used in an effort to study a situation closely analogous to human congestive failure. The right ventricle of these animals was analyzed for fat, water, blood, nitrogen, and certain electrolytes.
Toxic doses of digitalis compounds cause much more potassium loss from heart muscle than nontoxie, therapeutically effective doses. 1 Therefore, it was necessary to determine the dose of the cardiac glycoside with considerable care, since the toxic dose is smaller than normal in congestive heart failure both in man 9 and in the dog. 10 Because of its rapid effect, acetyl strophanthidin, a synthetically esterified cardiac aglycone, was selected. This drug causes all the classical From the Department of Medicine, University of Illinois College of Medicine, Chicago, Illinois.
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Circulation Research, Volume XIII, September 19GS effects of digitalis compounds 11 and its peak inotropic effect is attained in a very few minutes. The hearts were taken for analysis nine minutes after administration of the drug since our work, cited in table 2, and the results of Regan and his collaborators, 12 indicated that both the maximum inotropic effect and the maximum effect on serum potassium concentration in coronary sinus blood had occurred within this amount of time. Two canine experimental syndromes resembling congestive heart failure in man have been studied. 13 -14 Since the fundamental myocardial lesion of cardiac failure in man is unknown, one cannot be certain that it is reproduced by these experimental techniques. However, low cardiac output, increased venous pressure, and tachycardia, each returning toward normal after digitalis administration, and cardiac enlargement, hepatomegaly and increased aldosterone excretion occur in experimental congestive heart failure in dogs, as they do in man. Ascites formation constitutes the most striking clinical manifestation of the syndrome in these dogs. It was used in this study as the chief criterion for the presence of congestive heart failure.
The syndrome of congestive heart failure produced by Barger et al. 13 by creating pulmonary artery stenosis and tricuspid insufficiency, resembles that in the dogs with progressive constriction of the pulmonary artery studied by Davis et al. 14 "Transient ascites was present for several days between first and second tightenings.
cardial and perieardial inflammation than the method of Barger et al. 13 The right ventricle is therefore more suitable for histoehemieal analysis.
Methods

SURGICAL PROCEDURES AND EXPERIMENTAL DESIGN
Congestive heart failure was produced in female mongrel dogs by progressive constriction of the pulmonary artery. Animals were selected for the operated group and for the control group by a random drawing of straws assigned to each of a group of normal animals which had been observed for at least 10 days prior to selection. A heavy nylon band (tennis string), bearing four nylon balls, 6 mm in diameter, was heavily wrapped in Ivalon* sponge and then was passed around the main pulmonary artery a centimeter or two above the valve. The ends of the tennis string were led between the ribs through a short stainless steel tube and buried subcutaneously. To effort to constrict the pulmonary artery was made during this procedure. One to five weeks later, under local anesthesia, the tennis string ends were retrieved through a small incision. The constricting band was then tightened while observing the heart rate and determining the right *Ivalon surgical sponge, Clay-Adams, Inc., New York. atrial pressure through a catheter, pereutaneously inserted under local anesthesia.
The constricting band was further tightened in a few days if, following the production of pulmonary artery stenosis, aseites did not become evident, either by inspection, or by abdominal paraeentesis. Ascites always occurred after the second tightening. This was required in only 3 of the 14 animals in which congestive heart failure was produced. Time relationships among these procedures are noted in table 1.
The mean weight of the 14 normal dogs was 17.4 (range 14.5 to 25.2) kg on the day of sacrifice. After ascitic fluid had been discarded at autopsy, animals with congestive heart failure demonstrated a mean weight 3.3 (range 0.4 to S.9) kg less than the mean weight of 18.S (range 14.8 to 22.7) kg present at the time of their initial surgery. This finding is consistent with previously reported carcass analyses of dogs with cardiac failure 15 and indicates loss of tissue mass, probably mostly fat, during the development of heart failure. Animals with heart failure showed an average of 2.6 (range 0 to 4.6) liters of ascitic fluid. One animal, which showed no aseites, was included in the cardiac failure group because aseites had been demonstrated by paraeentesis six days previously. Three dogs with heart failure showed very mild perieardial thickening. Three animals had mild, well-localized superficial infections at the site of incision for tightening the ACETYL STEOPHANTHIDIN AND MYOCAKDIAL ELECTROLYTES 209 pulmonary artery ligatures. Although the dogs with congestive failure were somewhat less hungry and vigorous than normal animals, none appeared ill.
Each experiment in the factorial design consisted of two groups of two dogs each, one group containing normal dogs and the other being made up of dogs with congestive heart failure. One dog from each group was given acetyl strophanthidin.* Each experiment was completed, except for analytical procedures, in one day. There were seven such experiments in all.
Previous experience 8 had demonstrated that 0.03 ing/kg is a toxic dose of acetyl strophanthidin for animals with congestive heart failure. A dose of 0.015 mg/kg was therefore chosen and was shown (vide infra) to produce a positive inotropic effect without overt toxicity. In animals with cardiac failure, the volume of ascites present on the day of the experiment was estimated clinically and the estimated weight of ascites subtracted from the actual weight of the dog. Aeetyl strophanthidin, 0.015 mg/kg, was administered on the basis of this estimated aseites-free weight. Actual ascites-free weight was found at autopsy. The mean dose of acetyl strophanthidin in dogs with heart failure was 0.0150 (range 0.0138 to 0.0161) mg/kg actual ascites-free weight.
When two dogs demonstrating ascites became available, two controls were selected at random from the normal group of animals. On the day of the experiment only water was offered to the animals. The rank order of the four dogs was determined by drawing lots. The animal chosen to be first was then lightly strapped, unanesthetized and supine, to a dog board. Under lidocainc local anesthesia polyethylene tubing was introduced percutaneously several centimeters into a femoral vein and an indwelling needle was placed in a femoral artery. Ten ml of homologous washed red cells labeled with 150 /xc of ehromium-51t were infused intravenously. After a wait of at least 15 minutes either aeetyl strophanthidin or the vehicle for the drug (30% ethanol) was administered intravenously during a two-minute period. Electrocardiograms were recorded at oneminute intervals. In order to minimize possible arterial oxygen unsaturation following aeetyl strophanthidin administration, a funnel delivering four liters of oxygen per minute was held about four inches below the dog's nose in 23 instances. The remaining five dogs, two with failure which *Acetyl strophanthidin was generously supplied by Dr. G. C. Chiu of Eli Lilly and Co. One lot of the drug was used for six experiments, and another lot for the seventh experiment.
tRaehromate, Abbott Laboratories.
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received acetyl strophanthidin and two with failure and one normal animal which did not receive the drug, became somewhat restless as the funnel neared their noses and were not given oxygen. Apart from this the animals either remained entirely quiet or were very slightly restless during the procedure. Nine minutes after beginning injection of the test substance, arterial (venous in the case of four dogs) blood was withdrawn for serum electrolyte determination and Cr 51 counting. One minute later the dog was rendered senseless by a strong mechanical impact to the skull. The chest was immediately incised, the heart removed and opened to permit drainage of blood from its chambers as quickly as possible. In all cases the heart was extracted from the thorax within one minute and was free of contained blood less than two minutes after the chest incision. The other animals in the experiment were treated consecutively in a similar fashion.
ANALYTICAL TECHNIQUES
The entire free wall of the right ventricle, a specimen weighing 11 to 29 g, was removed from the heart and placed on a glass plate. The muscle was cut into about 30 pieces which, when thoroughly mixed, were divided into two samples, A and B. After being lightly blotted on dry filter paper to remove excess blood, the pieces in each sample were placed in a covered weighing bottle, iced and, when cold, were removed and placed on a glass plate for fine mincing with scissors and removal of fat and connective tissue. About 700 mg of this minced tissue were taken for non-collagen nitrogen (NCN) analysis, and approximately 6 g of the remainder were analyzed separately for water, fat, sodium, potassium, chloride, and blood. The A samples from each of the four animals in the experiment were analyzed concomitantly. The B samples were also analyzed together, following completion of analysis of the A samples.
Values for tissue and serum sodium, potassium and chloride, and for tissue fat and water were determined by methods previously described. 1 " Briefly, after being dried in an oven and defatted with ethyl ether, the tissue was ground to a fine powder in a pepper mill. Electrolytes were extracted from the powder overnight in 0.75 N nitric acid. Sodium and potassium in the extract and also in serum were analyzed with an internalstandard flame photometer. Chloride in the tissue extract was determined by a modification 16 of the Sendroy iodometrie method. 17 Serum chloride was measured by the technique of Schales and Schales. 18 Cr 51 concentrations in whole blood and in dry powdered tissue were determined by counting in a well-type scintillation counter. Tissue blood concentrations could then be calculated, with the assumption that the hematoerits of blood from largo and small vessels are equal. Nine of the 28 tissue samples counted from animals without heart failure, and nine of the 28 tissue samples from those with heart failure showed counting rates less than twice background. These results were discarded in favor of an assumed value equal to that in the other sample from the same dog. If that value also was low, the mean myocardial blood concentration of all animals in that animal's class and treatment category was assumed for both samples.
Tissue non-collagen nitrogen (NCN) was determined by a modification of the technique of Lanni et al., 19 based on the method of Koch and McMeekin. 20 By determining the quantity of alkalisoluble nitrogen in a muscle, this procedure provides a measurement of myofibrillar protein.
Collagen and elastin nitrogen, which might be increased in abnormal muscle, is excluded since it is not soluble in weak alkali. The error caused by non-protein nitrogen compounds in the amounts present in most muscles will cause an error of less than 5%, according to Lilienthal and his associates. 21 SCJST thus provides a. reasonably reliable measurement of muscle fiber protein and, hence, of the mass of the intracellular compartment in tho heart. It may therefore be used as a reference base for other myoeardial constituents. Soluble protein was extracted during the 18 hour soaking in 0.05 X potassium hydroxide. The extract was filtered through Whatman no. 30 filter paper. Aliquots of the filtrate were analyzed for nitrogen by jSTesslerization. Ammonium sulfate standards were used. Color analysis was accomplished with a Coleman Jr. photometer. The mean value of six aliquots was used in determining tissue JfCN concentration. In calculations where JfCN was referred to other tissue constituents, the same water and fat concentration was assumed for the minced tissue analyzed for NCN as was found in the other portion of minced tissue from the same sample. The nitrogen content of fat was neglected since depot fat contains less than 0.6% nitrogen. 21 Water and electrolyte analysis of whole blood was not carried out. In calculating the amounts of various tissue constituents in dry, fat-free blood-free tissue, the mean whole blood water and electrolyte concentrations previously determined in this laboratory in a group of ten normal animals and seven animals with congestive heart failure were assumed. In that group of dogs, the presence of cardiac failure did not cause a significant change from normal in the whole blood concentration of water or any electrolytes. Therefore, in finding assumed whole blood values for the present series, we used for each constituent the mean value from all animals, with and without heart failure, in the group noted above. In the latter group 5.17 mEq potassium, 127 mEq sodium, 88.0 mEq chloride, and 810 g water were found per kg blood. Since blood constitutes only 3% to 5% of myocardial mass, small errors in calculation of the concentration of whole blood constituents will cause only very small errors in the determination of these constituents in tissue. The use of assumed values seemed proper for this reason.
Calculations to derive the quantity of tissue potassium, free of blood potassium, per kg dry fat-free blood-free solids (DFFBF), designated as tissue K in table 4, proceeded as follows: 
+7
Amplitude refers to mean height of recorder deflections produced by contraction of the right ventricle under the strain gage. where WFF indicates wet fat-free tissue. Calculations for sodium, chloride, and water were performed in a similar manner. Blood lipid weight was neglected. Since whole blood NCK was not determined, NCX results were referred to either a wet or a dry fat-free tissue base.
CHOICE OF ACETYL STROPHANTHIDIN DOSE
In order to determine whether the dose of aeetyl strophanthidin used had an inotropic effect, strain gage arches* carrying1 Baldwin-Lima-Hamilton coils were sutured to the right ventricle of five open-chest dogs, three of which were normal and two of which had undergone pulmonary artery constriction. However, only one of the latter had congestive heart failure. The results, indicating that the drug has a positive inotropic effect at this concentration, are shown in table 2. One of these dogs had 6 isolated premature beats during the 10 minutes after the drug was given, but otherwise there was no evidence of toxicity. The inotropic effect of aeetyl strophanthidin could not be estimated in other dogs with congestive heart failure since their hearts beat very poorly following thoraeotomy. For this reason in four animals a cardiac catheter was placed in a jugular vein and advanced to the pulmonary artery under pentobarbitftl anesthesia. These dogs were part of another series in which congestive heart failure had been produced by the combination of tricuspid insufficiency and pulmonary stenosis, according-to the technique of Barger et al. 13 Cardiac output was determined by the Fiek principle. Expired air for oxygen consumption measurement was collected through an endotracheal tube.
Aseites-free weight was estimated clinically and acetyl strophanthidin 0.015 mg/kg was given on this basis. When these dogs were sacrificed three to eight days later the actual aseites-free weight was determined. This weight was used in calculation of the aeetyl strophanthidin dose noted in table 3. Total mean body weight in this group of animal had changed only slightly (minus 1% lb to plus 3y 2 lb) during the period between cardiac 212 AS = acetyl strophanthidin. P value listed under "classes" represents statistical evaluation of the significance of the difference for each constituent between botli groups of normal animals combined and both groups with heart failure combined; while that under "treatments" refers to the difference between both groups of animals receiving aeetyl strophanthidin combined and both groups receiving the 30% alcohol vehicle combined. N.S. =r not significant (any P value > 0.05). Tissue K, Na, Cl, and H 2 O -mEq or g/kg dry fat-free blood-free right ventricular solids. (Na -f-K)/H 2 0 data are derived from these values and are mEq/kg right ventricular tissue water. NCN = g/kg dry fat-free right ventricular solids. Values listed per unit NCN = mEq or g/g NCN in fat-free right ventricle. Blood = g/kg wet fat-free right ventricle (WFP). Fat -g/kg wet right ventricle. Serum values = mEq/liter scrum. KV weight = g right ventricular free wall dissected from the heart. NCN values available for experiments two through six only. Blood values suitable for analysis of variance available for experiments three, four, and five only. Heart rates represent mean values for the heart rate at one-minute intervals from one to eight minutes after administration of acety] strophanthidin or alcohol vehicle, experiments two through seven only.
BLISS, ADOLPH
Results of Analyses of Variance
Supporting data for table 4 and for the analysis of the relationship of sodium to chloride in the fluid gained by the failing hearts are supplied in the Appendix (see footnote on page 213). output determination and death. Data in table 3 demonstrate that mean eardiae output of these animals was low, as Davis et al. 14 have previouslj' noted. Probably as a result of anesthesia, cardiac output was gradually falling and arterial-mixed venous oxygen difference was rising before acetyl strophanthidin administration, which reversed this deterioration in each instance.
Results
For evaluation of the experimental data, an analysis of variance was performed, 8 using the mean of the A and B samples as the value for each constituent in each dog. In a factorial design, the variance attributable to the effects of the different classes (normal or con- •Difference between 7 "CHF, no AS" dogs and 7 "N, no AS" dogs, and tDifference between 7 "N, AS" dogs and 7 "N, no AS" dogs, and SEM. JDifference between 7 "CHF, AS" dogs and 7 "CHF, no AS" dogs, and SEM. §P <.001. ||P <.01. **P <.O5. All data were taken from table 4. Units are g or mEq/kg DFFB3T. gestive heart failure), treatments (digitalis or no digitalis), replicates and interaction among these terms may be determined and the variance due to error may be found by difference. Except possibly in the case of potassium, we found no evidence for interaction between treatments and classes; that is, acetyl strophanthidin caused a similar effect in normal animals and those with congestive heart failure. Complete statistical analysis of the data is presented in the Appendix.* Where interactions are not significant, the effect of congestive heart failure on each constituent may be determined by combining the data from both groups of normal animals and comparing these to the values from animals with heart failure from both groups. Similarly, by combining observations in both groups of dogs untreated with acetyl strophanthidin and coupling these to the combined values in both groups treated with this drug, one may assess the effect of aeetyl strophanthidin. This procedure has been followed for each constituent except potassium. Since *The Appendix has been deposited as Document no. 7559 with the ADI Auxiliary Publications Project. A copy may be obtained by citing the Document number and remitting $200 for 35 mm microfilm of $3.75 for photoprints. Advance payment is required. Make checks or money orders payable to: Chief, Photoduplication Service, Library of Congress, Washington 25, D. C. aeetyl strophanthidin possibly affected potassium differently in normal animals and those with congestive heart failure (0.05 < P < 0.1), we did not combine groups in this case. Table 4 lists the mean values for various constituents and the significance of effects of congestive heart failure in acetyl stropbanthidin-treated and untreated dogs combined and of acetyl strophanthidin in normal and failing animals combined. The results are further analyzed in table 5, where the magnitude and significance of changes resulting from heart failure and from acetyl strophanthidin are listed separately for each group of dogs. :
EFFECTS OF HEART FAILURE ON MYOCARDIAL CONSTITUENTS
The hearts from animals with congestive heart failure showed a loss of potassium and a gain of sodium, chloride, and water. Table  5 demonstrates that when compared to the normal heart, the untreated failing myocardium has gained sodium and chloride in approximately equal amounts and has lost a smaller number of mEq of potassium.
The sum of the concentrations of the principal tissue cations, sodium and potassium, in myocardial tissue water was significantly reduced in dogs with heart failure. As one might expect, the sum of the sodium and potassium concentrations in serum was also low. The serum potassium concentration was slightly but definitely elevated in animals with heart failure.
Although mean values suggest a uniform reduction of NCN in the hearts of animals with congestive failure, whether or not they received acetyl strophanthidin, the size of this apparent effect was at the borderline of statistical significance (0.05 < P < 0.1).
In wet tissue, the changes of NCN and of total solids concentration were approximately parallel in the four groups. Values for electrolyte and water concentrations per kg noncollagen nitrogen are listed in fable 4. Because NCN values were available only in five replicates and because NCN analyses were performed on a different tissue aliquot from that in which other constituents were analyzed, the results referred to the NCN base show statistical significance in fewer sources of variance than values calculated per unit dry fat-free blood-free solids. For this reason, and since mean values for all constituents showed the same directional changes regardless of the base to which they were referred, values in terms of dry fat-free blood-free solids serve as the basis for discussion in this paper.
The quantity of blood per kg wet tissue in both groups of failing hearts fell sharply below that in normal animals. This reduction greatly exceeded the decrease in myocardial blood concentration attributable to increased tissue water in these hearts.
A distinctly faster heart rate was observed in animals with failing hearts than in normal dogs. The figures cited in table 4 represent, for each dog, the average of eight heart rate measurements obtained at one-minute intervals following administration of acetyl strophanthidin or the alcohol vehicle. The heart rate remained quite steady throughout the experiment. Acetyl strophanthidin did not affect it appreciably. One dog with heart failure had a single ventricular premature beat both before and after acetyl strophanthidin administration. No evidence for digitalis toxieity appeared. Of the 14 animals given aeetyl strophanthidin. the P-E interval increased by 0.01 or 0.02 seconds in six and there was a slight decrease in T-wavc amplitude in four of these dogs. No other electrocardiographs effect of the drug was apparent. Minor Twave variations also occurred in animals receiving alcohol.
The right ventricular tissue removed from failing hearts weighed significantly more than that removed from normal hearts (table 4) . The myocardium in heart failure evidently had undergone hypertrophy since the weight gain was distinctly more than that attributable to an increase in water content only.
EFFECT OF ACETYL STROPHANTHIDIN ON MYOCARDIAL CONSTITUENTS
Although it produced no significant effect on myocardial potassium in normal animals, acetyl strophanthidin definitely increased potassium in the hearts of animals with congestive failure (table 5). Normal and failing hearts combined as a group showed a significant increase in water and in chloride following acetjd strophanthidin treatment (table 4) . Administration of this drug did not produce a significant change in tissue sodium.
Discussion
In demonstrating a significant potassium loss per kg dry solids, our results in animals with failing hearts resemble those of Harrison et al.., 5 Wilkins and Cullen," and Clarke and Mosher 7 in congestive heart failure in man. The latter two groups also found increased sodium, chloride and water, and decreased total sodium plus potassium per kg tissue water in failing hearts. In dogs with congestive heart failure produced by pulmonic stenosis and tricuspid insufficiency, both Benson et al. 2 -and Yankopoulos et al. 2 :1 reported increased myocardial sodium and chloride content, but only the latter group found water also to be increased. These workers did not demonstrate a significantly decreased potassium concentration in the failing myocardium.
In the failing hearts in this study, the ratio of the amount of sodium in excess of its concentration in normal hearts to the excess of chloride above normal was close to unity in animals treated and untreated with acetyl strophanthidin. If one obtains the serum so-ACETYL STROPHANTHIDIN AND MYOCARBIAL ELECTROLYTES 215 diuni: chloride ratio in each group of animals with heart failure and employs appropriate Donnau factors, 24 one may calculate, from the quantity of tissue chloride in excess of normal, the increase in sodium in these hearts to be expected if all the sodium gain had been due to more interstitial fluid in the tissue. The mean myocardial sodium value predicted by this method for animals not receiving acetyl strophanthidin was 186.2 mBq/kg DFFBF; for animals receiving this drug it was 202.1. The observed values were 175.3 and 183.2 respectively. When the individual values comprising these means are subjected to an analysis of variance, the predicted values differ significantly from the observed values (P < 0.01). This indicates that the sodium, chloride, and water changes occurring in animals with heart failure cannot be explained solely by the addition of interstitial fluid to these hearts. A detailed description of the method by which the predicted values are determined, as well as the data on which the analysis of variance is based, are included in the Appendix (footnote on page 213).
Evidently a dilute sodium chloride solution had entered the myocardial cells during the development of cardiac failure. This effect closely resembles changes occurring in tissues exposed in vitro to hypoxia, cold and metabolic inhibitors, where blocking of active sodium transport out of cells causes intracellular accumulation of sodium, chloride, and water with consequent cellular swelling. 25 '-0 In such tissues, as in these failing hearts, total cation concentration in tissue water falls. Thus, when heart failure develops the myocardial cells themselves become swollen.
The cause of the described changes in right ventricular composition in our animals with heart failure is unknown. They may in part be explained by the renal retention of salt and water occurring in heart failure, but it is unlikely that this effect alone could account for the accumulation by the myocardium of a solution possessing a sodium:chloride ratio less than that in interstitial fluid. As previously noted, however, the changes found in our animals with failing hearts resemble those reported by other workers in tissues whose oxygen supply had been restricted. A decreased amount of blood in failing heart muscle was found, an effect probably resulting from the increased amount of fiber protein per capillary in these hypertrophied hearts. 27 This reduction in uiyocardial blood content probably indicates that the distance over which oxygen must diffuse from the capillary to the center of the niyofibril is increased. Oxygen tension .in that portion of the myofibril is therefore lowered if tissue oxygen demand and blood oxygen tension in the perfusing coronary vessels remain constant. Whether such hypoxia would be sufficient to impair sodium transport is uncertain, but if cellular swelling does occur it would further increase the distance over which oxygen must diffuse. Finally, as Harrison suggested, myocardial hypoxia may also contribute to impaired myocardial contractility in the failing heart.
The effects of digitalis therapy reported here differ from those observed by Regan et al., 2!) who found that the arterial-coronary sinus potassium difference increased consistently in patients with myocardial in sufficiency when acetyl strophanthidin was given in a dose per kg body weight similar to that in the present study. The conclusion of these workers that myocardial potassium release occurred is open to some question, however, in view of the unreliability of using arteriovenous differences to measure changes in the quantity of a substance in a tissue when blood flow is changing or unknown or when the metabolic state is unsteady.
Our findings support the conclusions of Brown et al. 4 and of Vick 30 that the net effect of digitalis on myocardial potassium content results from competition between two opposing actions of the drug. The first of these produces potassium loss, especially with large doses of the drug, which may cause sodium, chloride, and water to enter the cell. Interference with transport sodium out of the cell may be related to this effect. The increase in myocardial chloride and water following acetyl strophanthidin in our animals prob-ably reflects this action of the drug, despite the fact that the accompanying increase in tissue sodium did not reach statistical significance. These findings are consistent with the observation by Tosteson and Hoffman 31 of digitalis-induced cellular swelling in red cells.
A second effect of digitalis on myocardial electrolytes and water, evident in our dogs with heart failure, permits restoration of previously reduced cellular potassium toward normal. The inotropic effect of the drug may, by producing hemodynamie effects unique to the failing heart, secondarily improve energy supply so that potassium can re-enter the cell.
The evidence from this study and from those cited earlier in this paper fails to support the conclusion of Hajdu 32 that the inotropic effect of digitalis is accompanied by a reduction in the quantity of total intracellular cation, especially of potassium. In fact, the inotropic effect is apparently not directly related to net myocardial potassium balance.
Summary
The syndrome of chronic congestive heart failure was produced in female dogs by progressive pulmonary artery constriction. A factorial experimental design, containing seven experiments of four dogs each, was employed. Each experiment was completed in one day and consisted of two groups of two dogs each, one group containing dogs with heart failure and the other, normal dogs. One animal from each group received intravenous acetyl strophanthidin, 0.015 mg/kg ascites-free weight, while the other was given an injection of inert material. The heart was quickty removed from the chest nine minutes after the injection and the right ventricle was taken for analysis. Previous work indicated that this dose of the drug produced an inotropic effect both in normal animals and in dogs with heart faihire without producing digitalis toxicity.
The myocardium from animals with congestive heart failure contained significantly less potassium but more sodium, chloride, and water per kilogram of dry fat-free blood-free myocardium than the myocardium from normal dogs. The concentration of sodium plus potassium in tissue water was subnormal in failing hearts. The sodium and chloride composition of the fluid gained by failing hearts differed significantly from that of interstitial fluid.
Acetyl strophanthidin increased myocardial chloride and water. Although potassium in the myocardium was unchanged in treated control dogs, it increased significantly after aeetyl strophanthidin in animals with heart failure.
The findings are consistent with myocardial cellular swelling in congestive heart failure. The quantity of blood in each kilogram of failing myocardial tissue was severely reduced, probably because of muscle fiber hypertrophy. The possibilitjr is considered that this alteration, together with the increased tissue water, may lead to lowered oxygen tension in failing heart muscle.
It is suggested that digitalis exerts two opposing effects on ion transport through the myocardial cell membrane and that neither of these is fundamental to its inotropic action.
